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Thin invention relates to a method and apparatus tor 
henxlng a« elongated spae« or a loyati&n containing an slongatad 
hnutor. Kore ysxtxcularly, the invention relates to iirt elec;XrJ,asJ 
resiHtance he*tftr for heating Jin tilon<j<ito<i subterranean fidrohalc 
ftt ratai; which are different at. different depths at the borehole, 

lit U known to [>» boHOticlai to u«» alongaUd haaters 
aueh as well heaters, for heating tnte.rvalR of; BKbter rane&n (jarth 
f 0 rill at 1. 07) U, pipo Interiors, or other elongated spaces, l'n various 
irituationn, it is desirable tD heat such epsceB at. relatively high 
10 tempexTfttuTftB tor rulacivelv long tints. Bonoficial reaulto 
Obtained by such heatlncj may include pyrolistog Oil sUmle 
SDruiatUonB, coJi.ir? oi.l to consolidate unconsolidated rosarvol* 
£o Tuitions, coking oil to form electrically conductive oarbonize<i 
zones capable of operating &b ftl««trodei» within ft reservoir 
Serration, thermally displacing hydrocarbons derived fro» oils or 
tars ii\to p»rod«<5ttoa loc&r.ioaa, t>revositing foraatlott cX hvdrntoa, 
precipitates, or the like in fluids which aro being produced from 
w%11b and /or traivsnUted through pipes, or thft ilKe. 

The invention siH.d to provide a heating apparatus which 
20 its capable of generating heat at different rates flit different 
tfept.Up 111 a Vf6ll. 

In accordance vrtth the invention there te provided in a 
procasa in which subterranean earth formations within nn inturv?il 
ffioro fchnn 100 foet long are heated to a tenperature of more than 
<j00°<:., ao that heat is injected substantially uniformly i/ifco that- 
Interval, an im{>rovoTiie.nt for constructing and installing a beater 
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having an al*c:trtca."l cable heating section which is free of 
Kp.lices, oonptiiiliig; ootirftrut'tintf said h«ating cablo section by 
compra saive ly awaginti at leaBt. una portion of & Juaotion-.tr e.« 
elecitr.1.<?nl heatlug cahls to roduea itu slut at said at luaj;t an* 
portion, scid cable 1b at least ap long 68 r.U« earth formation 
.interval to lie heated and comprises an axiaily <nlitf»jcd, inalioaiuo, 
electrically conductive tcra eurroundecj by granular mineral 
insulation within a metal ahoath, 30 that swaffad portion fronea-ates 
heat at a rate higher than the unBvaqred portion; correlating the 

10 location Of S<ild SV<i«in$ With tho pattern of heat conductivity in 
the earth formation interval so that at leant one c-ompres&ively 
swaged portion of the cabla is located alon^ tho cable in 1 
position such that, vhen the cable 1b extended along the liarth 
formation interval to be h-i&tofl. the oompr^issivulv sws.god sort ion 
is adjacent to a portion of T.be earth formation interval In which 
Che heat conductivity Is relattvoly highp connoctlns onid 
.•selectively swagad heating cable aectlon to at least one power 
supply cable and spooling the interconnected cable-s; and 
un spooling the Interconnected cables into a Nellbore along with a 

20 wed ght-supporT.iixj metal conduit, while pe rlocUcaJ ly attaching the 
cable* to the conduit- and extending the cables and conduit to a 
depth at which the conpre a uive ly b waged portions of T.He cable are 
positioned adjacent to tlis aarth formation:) having a relstivoly 
hl?!i thermal conductivity. 

The invention will now be explained In moro Detail w: tri 
roferonca to the accompanying drawings, in whiohi 
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Figure 1 is a thrae-dLmanoioiisU illustiatioU «f an 
electrically conductive r:«lii« containing swaged and unpaged 
portions suitable for uae in. the present invanticn. 

EJ.gu.ic* 2 sobetnanioftJlly inurtraxes tbe ineto.lliog at an 
uluctrieal iesistance haatar within the well In accordance with 
the present t(tventi,Qu. 



2a 

P. 




http://patents 1 .ic.gc .ca/fcgi-bin/any 2html 



11/7/2001 



« 



0 L 253555d.is.afp Page 4 



Page 2 of 3 



- 3 - 

Figirre 3 3hcwo a splice between a metal-^ahaatnsxl lnuulawd. 
powar supply cable and a me.tal-afcrjatf'ed insulated coble suitaMe aa 
a heeting element r>f the present invention. 

Figures 4 aud & illustrate splices for electrically intar- 
5 connacting the ccrriuctive corea of a pair of netaL-sheEttbed mineral- 
insulated heating cables suitable us balny cables ui the pressnt 
Invention. 

figure 6 atxjKs an olcctrlcal power supply circuit suitable £or 
use in the present invutitlcxi. 

'10 TS¥5 present invention is at. taasb in part premised CO a 

discovery that the propex'tios of: an electrical conductor (oiich a3 a 
metal-shcathsd solid ita-terjAl-insuLated electrically cwsductive 
cable containing a single copper ccnx>) are sush that results of an 
application of oonpressivfj snraging to tha outside of the soetal 

13 sheath are transmitted through the insulation to tho oo*e of Wie 
cable in a manner Buch th&t oftah of tbese oanpar-ants ore 
substantially sianjltasJeously rodfciced in crrafs-sectiunai circa by the 
s&no relative amounts. The reductions In the cable core crcas- 
Hactlarinl area can be controlled to causG the swaged portion of tho 

20 cable: to generate a significantly higher amount of heat per unit 

time than tbafc which would have been ejfmarated without the swaging, 
awxn at a substantially Iwer temperature. 

In a proforred orfbodtoeiit of tbR invention, such ft SM&gioq ie 
■i£XA by a prooMS oE rotary swaging, arnccinting to ccwpressirjg the 

25 cablo with many blaus applied by rotating dies. Rotating swaging 
devices and techniques aro known and caiTwrcially available. Buch 
iTQchinaa caamanly contain two die? vhich reciprocate rapidly ao a 
spindle in whicdi ths<y am mounted is rotated. A compressive rotary 
swaging operation involves a hammering action which has fchs sans 

50 bsiftjafiolal raaberial on neta.l aa forging. It produces a desirable 
grain structure resulting in an incre>aae:J tensile ^trtaKjth myJ 
elasticity. The cold (in tenpera cure > swaging tends to work harden 
crcflt jietallic materials. If desired, such, a hardening <\m b2 iflacle 
mere flexible by annealing. 
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In a rotary fiwacfiivj operation, the extent, bo wtiic^i the swagsd 
material ia reduced in orcs»-ser±Laxjil area aan lse controlled very 
accurately. Par esKWpla, sinco a <netaj.-ahsatbed solid material- 
insulated ooppsr -cored cdo^ricaJ.ly^conductivc cable behaves as ii 
"3 solid itvatcrial during a rotary i-waging c^eraticn, auch a cable 

having a dls/noter of. from about 0.69 to 1.25 am can be aoaged to a 
reduced didittitor with 5M accuracy tiiait plus ox rainua O.Q025 era. 

figure 1 illustrates swaged and unsMMjcd portions of a cable 
preferred for ubs in the present invention, in tl»e oablj; show, a 

10 stainless Steel sheath 2 surroundg a mineral insulcitictt 3 

consisting of highly ncmprsssed grains of magnesium oxide and a 
Holiel conductive core 4 of substantially pare ccpp&r is 
corccentrloally surrounded by the Insulation and aheath. In a cable 
of the type ahewn, where the inner and outer dJanctexa of the 

iy sheath 2 <ira 7.25 and 9 mil and thu diamatar of the osk < ia 3 irffl, 
i« the unavrasjed portion, the cable may (jaisrata a temperature at 
atoa.it 600 °C when oonductiny 180 smpenies of alternate current-. 
However, in a swaged portion of tlw cable hawing a <iiarosto,r reduced 
by 1S%, a beflfperahnre of about 666 *C ia ger/irabad when tho cable 

20 ia conducting the ssroa njrxent in tha sarne eaivirojinRnt. 

In a prolerred eahodiiremt, the present invention can he 
utilised for providing a formation- tailored nrethod and apparatus 
for uniformly heating lcog intervals of subterranean earth 
formafciona at high tcqaorature. <>ccnrdinq to this nethed. 

25 si&eertremeari intervals airs heated with an electric hc&tor 

ooiita.liUng at .leaBt ona spoo.lable steel-shee>.thei mineral- Insulated 
«\hile having a solid central core of high clecwical conductivity, 
such u unblu can be arranged to heat tha earth forma cicne ao tiwt 
boat i*: tranatdtted into the formations at a substantially uniform 

JD rata, even when the? hosting involve* mora than fibcrc* 330 watts per 
metre at taEHpewiturGS between about 600 mxi 1000 "C. Tt» uniforndty 
of tha bent transM b'Siom is ensured by providing the heater with a 
pattern of electrical roaistancea with depth within the well 
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cnrwilarted vith tile pattern nf heat uandlictivity wxh depth within 
the Rtwrcundin? earth Corjuatlons. 

Figure 2 ahoua j preferred eubndiment of a wall heaeer of the 
present Invention bainy installed within a wall. As i^hcvil, a pair 
5 oC selectively swcujasS tester oablea with swcigad and unsw&qsd 
porticos of tfce type islicwn ).n Figure .1 are being unsssooled inw a 
»oll from spooling means 5 cinri 6 while a support menibar 7, such as 
a wire lino or spoolable metal occidutt, is oonciwreatly unspoolod: 
onto the xell froin B. spooJ.ing ireana (not aiown) . 'fine ,\cwer end of 

ID the support mains 7 is attache! to a motor iroejia 8, Sttrii as a 

sinker tax for a vertical well or a ptrnpfibla or titter JtDCor iraana 
for a substantially horizontal wll. The lower ends oJE the heating 
cable, stages porticos lb/ are mechanically attached to «i cable 
junction or end-connector 9 in v.'htcb the conductive. ooreB arc 

15 electricalLy int3erooTme;vted (as shewn ia more detail in k'igure 4). 
ttia jtjosotion 9 ia a.lan mechanically connected to the support irembev 
7, for exOTpLu by a strapping means 12. The luwnr ^rels of the cable 
portiaua, which are ivieuge-d for; increased heatirj?, arc electrically 
interconnected in the erxi connector 9 and positioned to ositerrf 

20 through th= zone e&lectad for recoivlivj the increaasd heating. 

Tlia miawiged porticos la of the h&atlre/ cables, deaigred for 
minimal heating along tha «ono to be heated, are positioned to 
extend above che swaged portiona lb for a distance sufficient to 
reach a zann which is cool enough for an ihtcro5nr<ec't'ijon of the 

25 heating cable poctiouB la with powar supply cables 10 by Ttwnta of 
joints or splices 11 for electrically and machanloally inter- 
connecting the- pewar supplying ar<d beating cables, iho power supply 
cables 10 ore arranged £or carrying a selected aneuiit of current 
while <jenerating only a JOinllfRl amount of heat, Tba details of. 

30 suitable mechanical and electritttl cable connecting joints for ubs 
with metal-sheathed minaral-insclattd power supplying cables are 
iHuutratfld in Figure 3. 

As the boating and pewer supply oohlas 1 and 10 are run into 
thci wail , along with tJie wi^ht-supporting strand 7 , the cables are 
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periodically attached to tha sstrand 7 by iveana of cjlajtt>s or 
3tr£ippL-Ks means 1.2. Such clonics iutcj arranged for creatiiiy s 
friction between ths cables and strand! which iB sufficient to 
support the weight, of tlve lengths at tha cables which are lifted 
5 botweeu the damps. 

Figure 3 illuatriibss details of preferred arrangwentR of 
splices 11, As shewn, tha pewex supply cahla 10 haa a ma ha! sheath 
14, such as a copper Bheutli, sunraundiug an insulated olectrically 
ecoiiuctive. core 13 having a occibirvitlon <yf. orosB-aectianal area and 

10 electrical rcsis.tar.ee per unit of 'length adapting it to carry tha 
current to be used in the beating operation while generating only 
ian insignificant amount of beat. A» shewn, the power cable aboath 
14 aa nail as a pewer cable core 13 axo larger Chan tha aheath 2 
and core 4 of the unssagod portion of heating cable- la. tre 

15 conductive cores of the cable are electrically interconnected, 
preferably by warding. In general, the power cable can cctnprise 
s?ubBtantially any typa of electrically conductive cable which i3 
adequately heat stable at the temperature generated by tho minimum 
heating portion of! a h&a.fcing cable such as irt. Where «be nsximam 

20 selected heating terp^ir&tura is sufficiently lev and/or the 
distance between tha pewsr supply and zene to be heated to 
adequately short, tha cc*«r supply cable can oan?a-ias» a irotai- 
sJieathed mxceral-intulatad soll<V-corod cable which is sG.leutivel.y 
swaged to pruviee tho selected heafuig fcen^erabure sv that no 

25 splices such aa Bplicea 11 anj needed. 

AO 3hcwn in Figure 2, a relatlvoly short S.lseve 15, audi as 'a 
steal s.k«ve, is fitted around and waited or braced, car otberwiM 
irsshanically attached, to the sheath 14 of the power cable 10. Tho 
cleave 15 is preferably selected to hiwo an inner diameter foiminy 

50 an annular apeco botwoen it and abaatb 2 large, enough to 

aoxsnrcdate a bhorter steel sleeve 16 fitted around tine sheath of 
>:V& cable la. In a proiurred asseiiM.ing procedure, baforc insertiivj 
tho short .i.leeve 16, substantially all of the annular t^s.cs betwen 
the cable core ranters, 4 and 1.3 and sleeve 1.5 ia filled witil a 
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pOTdarer] minaral insulating material such as siwgneaium oxide. The 
insuI.eA5.ng material la preffirably deposited within both l:he annular 
space between the cable ©ores and the eleeve 15 as we.U as the 
space between the sleeve IS and the uteatii 2 erf ths cable la, and 
!i vibrated to <x*rpact the trass of particles. Sleave L6 Ofin tJien la 
driven into Che space between the si ©we IS and sheath 2 so trsr. 
the toss of mljieral insulating particles 1(5 compacted by the 
driving fores. Slccvej; 15 and Ifi and sheath 2 are then welded or 
braced togetlar. 

10 ficfure 4 illustrates details of on end oonnewtor or splice 9. 

As shewn, cables lb ara GKtor/led through holea in a steel bind? 9 
so that short flections lc extend into * cylindrical opening in tlxe 
central portion of tla block. Dus electrically conductive wires °f 
the cables axe welded together e.t weld 17 ard the cab.le sJwatha ar« 

1? -xeidcxi to block 9 at welda IB. Preferably, the central conductors 
□f the cabins are surrcOTdea by a Kent StJblc olecwicai insulation 
such as a cimna o! carapacued pcwderisd mineral particles arvVor by 
discs of. ceramic materials (not shewn) , after whicft the cxntral 
opening is sealed, for example, by weidiwg-cn pdecaa of steal (not 

20 sbrwn) . Where the heater is supported, as shewn in Pigurs 2, by 
attaching it to an elongated cylindrical structural member 7, a 
grcovo 19 is preferably formed along an exterior portion of end 
spiios 9 to mate with ths structural muubar an<l facilitate the 
attaching of the end place to that member, ior sxsenple, by a 

^5 strapping means 12. 

Figure 5 shows a preferred type of end connector which 
eliminates the need for cutting and walding a heater Oiible to form 
a pair of heater cabJijs, such as osbles. 1.6. 'Its heater cable is 
singly tont into a U-turn and [nechanloally clanged to block 20 by a 

30 bolted-cm clipping plate 21. lbs block 20 is preferably provided 
vitti grcow* 22 to facilitate ttjo c.Lanping of it to a cylindrical 
structural msttber such aR the cylindrical merabar 7 shown in 
Figure 2. 
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in general, rtv? power supplying e]«iet\t:B can compriet; 
substantially any PC or DC systcCT capsbie of causing a baator of 
tha present type ro heat at the &2l«i7t)ed relatively hiqh rate. Surh 
a beat.irg r<ito can be abcut 33(1 watts p3r iretre or srorK. 
5 Figure 6 is a diagram of a preferred a>ri"an5«itsnt at 

alternating current olec&rtoal p=«er supplying elementa suitable 
for tht» present typo Of heater. This arranrjaitent Includes are 
inverse, parallel, eiUeon-cantro.Ued rectifiers <SCSs) in the 
circuits of Uolii elements cd a two-<sl«ite:>t heater. In such a 
'lO baiainc&d systan tha heater Iczgs should be of; equal L-esistonoc go 
that tha cduia core junction, point A, [wifcttm end connector 9) osn 
remain at 20m volfcaeie or virtual ground potential. I'he sheaths of 
the heater cables are connected to tha grounded centre Pap of the 
trans fcoisr iwxcndary. since paint A repreoantB the welded 

If) connection withip the end piejeo 3, the potential difference betoken 
the cconsetion and the hcjeing will Ixi zero for all practical 
purposes. Th2se points could be in electrical cot tact without any 
conduction of current. At pointa advancing upward alcnj the lege of 
the fieatar, the potential difference batwGeat tho sha*ths and the 
20 central conductor osn. increase and finally reach cfiaxinwni3 such, aa 
plus or minus. 2<0 V. 

Xn various situations in which an elongated space ia to be 
heated, the in aitu thermal oonducticn way vary significor/tly 
within v-arjuoua layers or locations alas? that apace. A mora hoat 

25 oondisctive layer will carry off th/i hoat generated by a heater 

iaater than a lees conductive layer. An a result, the terparattire 
maintained by an electrical Ltiaiatanc«i )ia&t*r carrying a qiven 
amount of current will V« ifxnt opposite a more- conductive layer , 
In situations in which it is desired tn mniiitaio a fJ-at or -..mi form 

30 heating rate along the spjwe bcjrg heated, it ia daairablo to 

reduce tt» neater oora cxcvss-&sction«l aroa in ortter to generate 
heat at the same rate as that in other portions of the heater whJch 
are liotfcer. 
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.An electrical resistance heater can be caueud bo <jes>crate 
selected heating rafces at different Ic^attnna along the heater Jr/ 
iivstallincj hoater sections ccntidnlng conductors of varying atos!*- 
actions. 'Aha swaLl«c- core Or conductor orcfi5-3ecticnB exhibit UOTa 
5 rasistar<cH to thu electrical current fla-i and tftua generate test at 
a rate higher than wcuM he genera wfl by a thickar core at the saws 
terrearature. ibr exaaple, it can heat at a selected rats at la«cr 
te.Tiperatyre existing along a relatively more hent octiducUive layex 
or sent within tbs apace iwing heated, 
V0 Ths present invention provictaf a netberi o£ causing a heater 

havirg an alectrically cnoduotive ccore which ia continuous and 
unitary to generate constant and/or selected aacimta of heat along 
ore di: a multiplicity of dif ferefit portions of the heater without 
requiring a aoLtitufle of heating cabJA splicss. Particularly where 
15 the heating is to ba conducted, at- relatively high teti£erai-urea fur- 
long tires, »*eldit*j problems and eppcrtunities £or leakage are 
inherent .In any cutting and sjdiclng of electrical hsatlnj cableB, 

Itj resfect to an electrical resistance hsater corpcrising a 
pair of eLectrically iutRccommacbed matal-shea thed solid irtitcrial- 
20 insulated cables each containing a. malleable metal, elactarically- 

conductive oors, 9StS of rotary ekitchlng dies can ba arranged 

far yxwifllny iXircentages of Siairatrical reductions of 5, 12, IB 
and 24 in the initial overall diameter of each cable ami its 
cemduciivsi uaro. By reducing ore portico of the cable diameter by 
?/j 5% and anaOiErr by 124 , the overall redaction is 9» . By sach 

procedures, the <r/erall urjoas-sectlcoal reductions for i*>tb legs of 
the hMter can be provided in Qight steps of roughly ICS each. Pcx 
oxawple, see fthe fullcwing table: 
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DlAMBIHICfcL REDtC'ITm CR03S-S£S?nCtlAl. REDUCTION 

<») W 
LSG \ LEG 2 UOW X.«CS 



0 


6 


11.6 


6 


6 




G 


12 


34,2 


12 


12 




12 


1.8 


55.3 


18 


IS 


8-5.5 


1.8 


24 


75.0 


24 


24 


34. S 



m swch a procedure, if the afccwe-'SeBeribaA praforrod pcv«r 
supply Is to be used, it is mcassary tiiat e«ch lag of Una heater 
after reductions iu iL3 cere diajenster have en overall resistance 
equalling that of the otl\er leg after reductions in its cs-nre 
S diamHter. This Is noosssaxy to ensure t)w zero TOltacje potential of 
the inter c£»rKX.-t«J cOHoVjctora in the ecd piece. 1^03 r it is 
iiec«aaary to divide the overall extents of electrical core 
reductions evenly avat ioth Isngtlvs of tha heater. 

Substantially any oocipi'ss'jlve suacjipg procedure which is or J. 3 
10 substantially equivalent to rotary swaging con suitably be used in 
practisitig -the pressnt invention. Sauries of swaging iraohinas 
and/ar tecSinlquea which csn suitably he used ace .inc-luRi^ of diu 
closing swaging machines, such as those itmui&cKurea oy Tha 
Torrinsytoo Cu:npeiny, cor Abbey Aetna Jtechine Cbirpany or Term 
t.5 Manufacturing, etc. 

Power supply cobles capeble i}f transmitting the amount: of 
current selected to ba ueod whlio gerorfltiivj only a rei&tiwly 
insignificant amount of haat and having sufficient thermal 
stability fw electrical and ruxii&nical attachment to tha motal 
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: :heai:lw5d cable sGltwted for generating a coininuro sucimt of heat can 
suitably by used in this Invention, Exareplas of sash oatoi/?R inclutte 
those available as QICC/Fyroteanac I'll rabies. 

In qcner.%\, in a situation in which an electrical conductor 
5 need not to insulated/ the present Invention can be practised %-ich 
substantially any electrical conductor which is continuous and 
unitary (i.ti. is a COTtinucua tody froo of intsxecrxnected ' eegjrsnts 
ox strands i and tern a core or conductor thickness (i,e. a cross- 
aecfcional area of the elect.Tically coodiictivo rreterial) Nhich is 

10 different in differoit locations along the length of the electric?! 
oanductor . Preferred sloafcrioaZ conductors ccsnprLse siiv-flr. 
conductive cores of malleable metals or alloya surrounded by a heat 
stable eoli<5 Jiisulatea material wiUJiin a heat atable tt&tal sOxeath. 
such, ae xciractory pcw3er or solid fibre insulating natarials 

\5 within copper or stcol sJieatha. A copper core surrounded by 

pewjered. wagr>?aium oxids within a copper sheath Jor uas at mooaratu 
temperatureo, or a stainless steel sheath for use at high 
tarperaturea, is particultirly preferred. 

In geasxa]., the preBent invention can t« utilized to initiate 

2t> ana itaiwteiixi a substantially uniform rate oi lieating along a space 
containing at least one pnrticit having a relatively lew rato of 
Iieat conductivity and/or to establish and naintftJn a relatively 
high rata off hoatirg along selected portions alaritj a specs 
thrcajhout <Aicb the rate of heat conductivity is nearly uniform. 

?5 ¥c& variational in haat conduct jvity with distant alcog an 

elongated path can be determined by meanH gf numerous Icnatfi smd 
available de^ioaa and technigusa. 

In a particularly prefurrod procedure for utilizing the 
poressnt invention for heating along a path along vtfiicii the beat 

30 conductivity is nOTV-unirbrra, a &electioi> is mads of the rata of 
heating to be provicted when an electrical conductor having the 
composition to be ussd i? ccrtfucting the aneunt of current to ba 
iissd within ci honoganacus medium having the. lowest heat 
conductivity to be encountered «5cng the path to be heated. The 
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niaxluum thictaasd for fne elentrioal oondocfeor to ba ussrf is then 
the ttactaieaa which provides that rata of hsatiw? in that 
situation, 'ihs thickjucss of portions of the oanductor to be 
prteitloneii along portions o£ the path whldx have hicjter teat 
mnductlvities are then /rude fchimsr to an sxtontt substantially 
cai?!Gnsatinq Cor Che nore rapid coretaffting^vrtiy of the heat by 
those higher baat caoictartivitUs. 

Mteroati^ily, wfcero it ia desirable to generate heat at 
relatively rapid rate* along portions of a path to be barta* (for 
exairple, along top and bottom portions of a mibtei-raiusjH> oarth 
fanratiim) such <m arrangerosnt can ba taada, a.Vehcr.igh the hfiat 
conductivity jroy be substantially uniform all along the path to 1*3 ■ 
heated, tte conductor thickness a».i resistance w be usad aloncf 
moat of the cable conductor are select to provide the seabed 
15 rata of heating along a tarcgehsous material having the hu&t 

ccwJuetlvity ajnrcn to ooat of tha interval to be heartsd. Then, tha 
tore rapid heatiiva rate «lor<g nn3jB3t«a portion? at the path can be 
obtained by thinning the portion* of tha conductor to be exl*rji5ad 
along those portions of! the path. 
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THE RHBOIVCHRHTS OF TE3E INVENTION 1H WHICH /ill EXCLCJSIV3 
PROPERTY OR PRIVILEGE 13 CLAIMED ARE DRPIHSD AS I'OliiOWS: 

i.. In a fl-ocaas in which Bubterranean earth forTne.ti.ouB 

within an interval mora tli.au 10(1 £eet Long at« hOkttid. to A 
f-eiiipAcaiture nor* than 600°C, ao that haat is injected 
BubBtantially tiiUfnmiy into that ititatvaL, an ilriprovamsnt for 
cohetruetlns and installing a heater having an electrical cable 
heating section. whUU ia free o£ Bplic«fc, comjorifting i constructing 
said l)%&tJ.fl<f Cahls ssction by comprasa iveiy swaging at. leaBt one 
portion o£ a juaot.ion.-tre e electrical heating <5ibl<i to reduaa its 
else at Bald at loast ons portion, said cable is at least ae long 
aa tha earth formation itvterva.1 Co he-, heated and Comprises ah 
ax^alXy ft.\i.?ji«d r fnaileahls, olactrically conductive core 
surroundacl by granular mineral inruiation within a nfttal sheath, 
bo that &wage<l portion generates boat at a rato hi«her than tha 
Ufti«agad portion; coir slating thfi looat.ion of said imaging with 
the pattern of heat conductivity in tha aarth formation interval 
BO that at Loast ens comprasaivoly swaged portion of the cable is: 
Incatea along the cable in a position BUCh that, %h»n tho cable in 
extended along th« earth formation internal tD ha heated, tha 
coiapraHsi valy ?vs<jed portion la adjacent to a portion of tlie earth 
£oroi&T.).on Interval in which tha heat conductivity ia relatively 
hltfh) connecting aaid selectively swaged heating «S.bie ft«Ctlon to 
at leevBt one power supply cahio and tfpooLinct the interconnected 
cables; and unBpooliny the Interconnected <!«bl«s into a weLlborft 
along with a weight- supporting m«tal conduit whila periodically 
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ittacMiii} U\e sabJLeR to tl\t. condyiT. a.ud sxtendijuj the -cables and 
conduit to ti doptlj at rchieit the comp ontti vo'ly swaged pc-rfcidfls ot 
the cab La por ttion<*d adjacent to ttin earth t<irraauJ.ons having 
ralativoiy high thermal conductivity. 

SMART fr BIGGAR 
PATENT fiSQPTS 



14 



K 5066 

AJ3 3 TRACT 

ISEOT.1SG RATS VRRIANT 
ELOSGKTED ELlilCTFlCM. RESISTANCE HEMIER 

An electrical icari.stance beater capable o£ gtaoeratirug teat at 
different rates at differed b losMitJUms a.lcng ita length fforprisss a 
ccntiraiDua arx3 unitary electrical conductor havir^j a thickrtt:S3 
vrtiich is different at different k«sticos along i.ts length. 
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